were isolated from tundra soil of north-western Finland (696 039 N 206 509 E) . Cells of all isolates were Gram-negative, non-motile rods. Phylogenetic analysis indicated that they belonged to the genus Granulicella of subdivision 1 of the phylum Acidobacteria. 16S rRNA gene sequence similarity between the new isolates and the type strains of Granulicella aggregans, Granulicella paludicola, Granulicella pectinivorans and Granulicella rosea ranged from 94 to 99 %. Analysis of the RNA polymerase beta subunit (rpoB) gene sequence indicated that the isolates represented novel species of the genus Granulicella (,92 % rpoB sequence similarity between the isolates and members of the genus Granulicella). This was also confirmed by low DNA-DNA relatedness (31 %) between strain S6CTX5A
T and the type strain of G. pectinivorans, which exhibited 99.1 % 16S rRNA gene sequence similarity and 91.7 % rpoB gene sequence similarity. The isolates grew at pH 3.5-6.5 and at 4-26 6C. Sugars were the preferred growth substrates. The major cellular fatty acids were iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 and the major isoprenoid quinone was MK-8. The DNA G+C content was 56-60 mol%. On the basis of phylogenetic analysis and chemotaxonomic and physiological data, the isolates represent four novel species of the genus Granulicella, for which the names Granulicella arctica MP5ACTX2 T (5ATCC BAA Members of the phylum Acidobacteria are among the most abundant bacteria in soil ecosystems (Janssen, 2006) and are widely distributed in high-latitude terrestrial ecosystems (Männistö et al., 2007; Pankratov et al., 2008; Campbell et al., 2010) . Although ubiquitous in the environment, the ecological role of acidobacteria is poorly understood. Acidobacteria are relatively difficult to cultivate and thus only a few members of this phylum have been isolated and characterized. These organisms grow slowly and may require up to several weeks to develop visible colonies (Eichorst et al., 2007; Koch et al., 2008; Pankratov et al., 2008 Pankratov et al., , 2012 . Recent reports on cultivated members of the phylum Acidobacteria have highlighted their role in degrading plant-derived carbon, their metabolic versatility and their tolerance to low nutrient concentrations as well as to fluctuating conditions in the soil (Ward et al., 2009; Eichorst et al., 2011) .
The phylum Acidobacteria is currently divided into 26 subdivisions (Barns et al., 2007) , of which subdivisions 1, 3, 4 and 6 are detected most abundantly in soil environments (Janssen, 2006; Jones et al., 2009 ). To date, 11 genera have been described: Acidobacterium, 'Acidipila' (name not currently validly published), Bryocella, Edaphobacter, Granulicella,
Telmatobacter and Terriglobus of subdivision 1; Bryobacter of subdivision 3 and Holophaga, Geothrix and Acanthopleuribacter of subdivision 8 (Kishimoto et al., 1991; Okamura et al., 2011; Dedysh et al., 2012; Koch et al., 2008; Pankratov & Dedysh, 2010; Pankratov et al., 2012; Eichorst et al., 2007; Kulichevskaya et al., 2010; Liesack et al., 1994; Coates et al., 1999; Fukunaga et al., 2008) . 'Candidatus Koribacter versatilis' and 'Candidatus Solibacter usitatus', of subdivisions 1 and 3 respectively, have been described as Candidatus taxa (Ward et al., 2009 ).
Most of the currently known members of subdivision 1 are aerobic or microaerophilic heterotrophs that prefer simple sugars as growth substrates and are able to degrade a variety of plant polymers (Eichorst et al., 2007; Koch et al., 2008; Ward et al., 2009; Pankratov & Dedysh, 2010; Männistö et al., 2011) . However, 16S rRNA gene sequences of members of subdivision 1 have also been detected from anoxic environments and, recently, a facultatively anaerobic strain from Sphagnum peat was isolated and assigned to a novel species, Telmatobacter bradus (Pankratov et al., 2012) . Also isolated from Sphagnum peat bog are the species Granulicella paludicola, G. pectinivorans and G. rosea (Pankratov & Dedysh, 2010) .
We have studied the bacterial communities in Arctic alpine tundra soils of northern Finland (Männistö & Häggblom, 2006; Männistö et al., 2007 Männistö et al., , 2009 Männistö et al., , 2010 . Terminal restriction fragment length polymorphism and 16S rRNA gene clone library analysis indicated that acidobacteria dominate especially in the acidic tundra heaths (Männistö et al., 2007) and are highly active at low temperatures and after multiple freeze-thaw cycles (Männistö et al., 2009) . We have used different techniques to isolate slow-growing and fastidious tundra bacterial species, including members of the phylum Acidobacteria (Männistö & Häggblom, 2006; Männistö et al., 2011) . Utilization of polysaccharides in VL55 mineral medium, as described by Davis et al. (2005) , resulted in the isolation of four isolates which belong to subdivision 1 of the phylum Acidobacteria and are described here.
Strains MP5ACTX2 T , MP5ACTX8
T and MP5ACTX9 T were isolated from soil samples collected from a wind-exposed ridge (altitude 700 m) located in Malla Nature Reserve, Kilpisjärvi, Finland (69 u 039 N 20 u 509 E). Strain S6CTX5A
T was isolated from a wind-exposed ridge located on Mt. Saana, Kilpisjärvi. Soil samples were serially diluted in VL55 mineral medium [containing 10 mM 2-(N-morpholino)-ethanesulfonic acid (MES), 0.2 mM MgSO 4 . 7H 2 O, 0.3 mM CaCl 2 . 2H 2 O, 0.2 mM (NH 4 ) 2 HPO 4 , trace element solution SL-10 and selenite-tungstate solution (Sait et al., 2002) ; adjusted to pH 5.5 with HCl]. Dilutions were plated on CTX agar (containing l 21 VL55 mineral medium: 0.3 g CM-cellulose, 0.3 g soluble starch, 0.3 g birchwood xylan, 0.15 yeast extract and 15 g agar). Once obtained as pure cultures, the isolates were maintained on CTX agar or R2A agar (pH 5.5; Difco) and stored at 270 u C in 20 % glycerol.
Genomic DNA was isolated using the UltraClean microbial DNA kit (MoBio Laboratories). A nearly complete 16S rRNA gene sequence was obtained using the universal primer set 27F and 1525R (Lane, 1991) . Amplification products were cloned and both strands were sequenced using internal 16S rRNA gene-specific primers and the Big Dye Terminator Cycle Sequencing kit version 2.1 and a model 3100 sequencer (PE Applied Biosystems). Sequences were compiled using Vector NTI software (Invitrogen) and compared with those available in GenBank using BLAST (Altschul et al., 1997) . Sequences were aligned using CLUSTAL_X (Thompson et al., 1997) . Neighbour-joining, maximum-parsimony and maximum-likelihood phylogenetic trees with 1000 bootstrap replications were constructed using MEGA5 (Tamura et al., 2011) to select the best-fit nucleotide substitutions. The maximum-likelihood analysis was based on the Tamura-Nei model (Tamura et al., 2011) . Trees were visualized using PHYLO_WIN (Galtier et al., 1996) . Comparative 16S rRNA gene sequence analysis placed strains MP5ACTX2
T , MP5ACTX8 T , MP5ACTX9
T and S6CTX5A T within the genus Granulicella of subdivision 1 of the phylum Acidobacteria ( Fig. 1 and Fig. S1 , available in IJSEM Online). The isolates formed four lineages within the genus with the maximum-likelihood, neighbour-joining and maximum-parsimony algorithms. Analysis of subdivision 1 separated the genera Granulicella, Terriglobus and Edaphobacter into distinct clusters ( Fig. 1 ; 1249 nucleotides); however, in the analysis of all members of the phylum Acidobacteria, the branching within the genus Granulicella was less clear ( Fig. S1 ; 1223 nucleotides). Strains MP5ACTX2 T , MP5ACTX8
T and MP5-ACTX9 T exhibited ,99 % 16S rRNA gene sequence similarity among each other and with members of the genus Granulicella, which indicated that each isolate should be placed in a separate novel species (Stackebrandt & Ebers, 2006 T was further investigated by analysis of the RNA polymerase beta subunit gene (rpoB) sequence. Because of difficulties in cultivation, G. aggregans was not available from the culture collections and therefore could not be included in the analysis. Partial rpoB sequences (1007 bp) were amplified using the forward primer Acido_rpob-F1 (59-TGGGCCGCCTCAAGTTCAA-39) and the reverse primer Acido_rpob-R1 (59-GGACTGGCGT-TGCATGTT-39; Männistö et al., 2011) . The rpoB sequences have been submitted to the GenBank database (accession nos HQ825147-HQ825157). Strains MP5ACTX2
T and S6CTX5A T exhibited 81.7-91.7 % rpoB sequence similarity with their closest relatives in the genus Granulicella (Table S1 ). The results of the phylogenetic analysis based on rpoB sequences (Fig. 2 ) correlated well with those obtained with 16S rRNA gene sequences ( Fig. 1 and Fig. S1 ). A cut-off value of ,97.7 % rpoB sequence similarity has been correlated with ,70 % DNA-DNA relatedness and has been suggested for the delineation of species (Adékambi et al., 2008) . For strains MP5ACTX8
T and MP5ACTX9 T , T. saanensis SP1PR4 T and A. capsulatum ATCC 51196, the rpoB sequence similarities obtained for the partial sequences (~1000 bp) were nearly identical to those for full-length sequences (~4400 bp) (unpublished data). This indicates that partial rpoB sequences are well suited for species delineation within the phylum Acidobacteria. Furthermore, the rpoB sequence similarity values of ,92 % between the previously described members of the genus Granulicella (Table S1 ) corresponded well with ,20 % DNA-DNA relatedness (Pankratov & Dedysh, 2010) .
Strain S6CTX5A
T and G. pectinivorans DSM 21001 T , which exhibited the highest sequence similarities (99.1 % 16S rRNA gene sequence similarity and 91.7 % rpoB sequence similarity) were subjected to DNA-DNA hybridization. Cells were disrupted using a French pressure cell (Thermo Spectronic) and DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out by the DSMZ as described by Huß et al. (1983) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostat 666 multicell changer and a temperature controller with an in-situ temperature probe (Varian). DNA-DNA relatedness between strain S6CTX5A T and G. pectinivorans DSM 21001 T was 31±3 %, which was low enough to confirm that strain S6CTX5A
T represented a novel species. We can thus conclude that each tundra soil isolate represents a different novel species. 
Four novel Granulicella species
The morphology of the isolates was studied after 7 days of cultivation on R2A agar (pH 5.5) at 20 u C by phasecontrast microscopy, using a Leitz Laborlux S light microscope with a Nikon DXM1200 digital camera fitted on a Nikon E200 phase-contrast microscope. Gram-staining was performed using the Hucker staining method (Murray et al., 1994) . For transmission electron microscopy, cells were grown in R2A broth for 7-10 days, pelleted and processed for 3 h in Trump's fixative (low concentration of formaldehyde and glutaraldehyde in 0.05 M sodium cacodylate buffer; pH 7.3; Hayt, 1981) . Post-fixation was carried out using 1 % osmium tetroxide in the same buffer for 1.5 h, then dehydration in a graded ethanol series and embedding using Spurr's Low Viscosity Embedding media. Thin sections were prepared using a diamond knife and a Ultracut E ultramicrotome (Leica). Thin sections were stained with 5 % (w/v) uranyl acetate in 50 % ethanol for 15 min and then with 0.5 % lead citrate in CO 2 -free double-distilled water (Reynold's lead citrate staining) for 2 min. Observations were performed with a JEM 100CXII electron microscope (JEOL; Bazzola & Russel, 1991) at the electron microscope facility of the Nelson Biology Laboratory, Rutgers University, NJ, USA. Strains MP5ACTX2 T and MP5ACTX9
T formed red-pigmented, small, circular, convex colonies, with a diameter of 1 mm. Strains MP5-ACTX8 T and S6CTX5A T formed white to light beige, mucoid colonies. The pigments of strains MP5ACTX2 T and MP5ACTX9
T were extracted in acetone/methanol solution (7 : 2, v/v) for 30 min. The extracts were centrifuged to remove cell debris and the absorption spectra of the resultant extracts were recorded spectrophotometrically from 300 to 800 nm. The pigment spectra of the isolates showed absorption maxima at around 470, 500 and 530 nm. These values were close to those reported for other members of the genus Granulicella (Pankratov & Dedysh, 2010) and indicated that the pigments were carotenoids, as has been reported previously for the genus Granulicella (Pankratov & Dedysh, 2010) and T. roseus (Eichorst et al., 2007) . Cells of all isolates stained Gram-negative and were non-spore-forming, non-motile rods (0.3-0.5 mm wide and 0.6-2.0 mm long; Fig. 3 ). The cell wall exhibited an inner and outer membrane, which is typical for Gram-negative bacteria. Outer-membrane vesicles of approximately 0.05 mm diameter were sometimes observed (Fig. 3c) .
Growth of the isolates at 4-32 u C, at pH 3.0-9.0 and with 0.25-10 % NaCl was tested on R2A agar and/or in VL55 mineral medium with 1 g glucose and 0.5 g yeast extract l
21
. Strains MP5ACTX2 T , MP5ACTX8 T and MP5ACTX9 T grew at 4-28 u C and at pH 3.5-6.5 (optimum pH 5). Strain S6CTX5A T grew at 4-26 u C and at pH 3.5-7.0 (optimum pH 4-5). In VL55 mineral medium with glucose and yeast extract, strains MP5ACTX2 T , MP5ACTX9 T and 
S6CTX5A
T grew optimally at 21-24 u C and strain MP5-ACTX8
T grew optimally at 24-27 u C. Strains MP5ACTX2 T , MP5ACTX9
T and S6CTX5A T grew with up to 1 % NaCl and strain MP5ACTX8
T grew with up to 1.5 % NaCl. The isolates were negative for oxidase and positive for catalase, as determined using Bactident Oxidase strips and Bactident 3 % hydrogen peroxide solution, respectively (Merck, Darmstadt, Germany).
Carbon source utilization and enzyme activities of the isolates were analysed in parallel with G. pectinivorans DSM 21001 T , G. paludicola DSM 22464 T and G. rosea DSM 18704 T . G. aggregans was not available for comparative analysis. Assimilation was tested in 96-well plates for up to 14 days at 20 u C with VL55 mineral medium supplemented with 100 mg yeast extract l 21 and 5-10 mM carbon source. Yeast extract was required for good growth on single carbon sources. The control contained only yeast extract. Growth was scored as positive if the turbidity was at least twice as high as the turbidity in the control well and weakly positive if the turbidity increased by a factor of at least 1.5 relative to the control well.
Resistance to antibiotics was tested on R2A agar (pH 5.5) using antibiotic discs containing the following (mg per disc unless indicated otherwise): ampicillin (10), erythromycin (10 and 15), chloramphenicol (30), neomycin (10), rifampicin (10), streptomycin (10), kanamycin (30), tetracycline (5 and 10), novobiocin (10), gentamicin (10), bacitracin (10 U), lincomycin (19), polymyxin B (300 U) and penicillin (10 U). Enzyme activities, glucose fermentation, urease hydrolysis and indole production were assayed using the API 20 NE and API ZYM systems (bioMérieux). Anaerobic growth was assayed in tightly capped serum bottles with VL55 mineral medium supplemented with (l 21 ) 1 g glucose and 0.5 g yeast extract and 1 mM nitrate as the electron acceptor. Before autoclaving, the medium was boiled and the headspace of the bottles was flushed with N 2 for 20 min to remove the oxygen. Hydrolysis of different polysaccharides (starch, CM-cellulose, cellulose, xylan, lichenan, pectin, alginate, laminarin, pullulan, chitosan and chitin) was determined at room temperature by observing CO 2 production for up to 20 days. CO 2 was measured from 0.1 ml gas samples using a HP 6890 series II gas chromatograph (Hewlett Packard) equipped with a thermal conductivity detector and a Hayesep Q packed column (80/100 mesh, 3 m; Agilent Technologies). Utilization of various carbon sources, enzyme activities and antibiotic resistance are given in Table 1 and the species description. There were a few differences in the utilization of single substrates and enzyme activities of G. paludicola, G. pectinivorans and G. rosea in our assays compared with those of Pankratov & Dedysh (2010) . The differences may be attributed to different test conditions and/ or differences in cultivating the strains for the experiments; we used a different basal medium and a higher concentration of yeast extract in our assays.
The DNA base composition of the isolates was determined by HPLC following the method of Mesbah et al. (1989) with the modifications described by Männistö et al. (2010) . Salmon sperm DNA was used for calibration and Escherichia coli DNA as a control. The G+C content of the isolates was 56-60 mol% (Table 1 T were analysed from cells grown on R2A agar (pH 5.5) at 20 u C for 5-9 days. Biomass was harvested and the fatty acids were saponified, methylated and extracted as described by Miller & Berger (1985) . Fatty acid methyl esters were analysed by GC as described by Männistö & Häggblom (2006) . Peak identification (e.g. differentiating between C 16 : 1 v7c and iso-C 15 : 0 2-OH in summed feature 3) was verified by GC-MS using an Agilent series 6890 GC system and 5973 mass-selective detector, equipped with a HP5 MS capillary column (30 m, 0.25 mm inner diameter, 0.25 mm film thickness) with helium as the carrier gas. Analysis of respiratory quinones was carried out by Brian Tindall at the Identification Service, DSMZ, Braunschweig, Germany. The major cellular fatty acids (.4 %) of strains MP5ACTX2 T , MP5ACTX9
T and S6CTX5A T were iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 ; strain MP5ACTX8
T also contained substantial quantities of iso-C 13 : 0 (Table 2) . MK-8 was the major quinone; strain MP5ACTX9
T also contained MK-7 (4 %) and strain MP5ACTX8
T contained an unknown component (5 %).
In summary, the analysis of 16S rRNA gene sequences, cellular fatty acids, menaquinones and G+C content associate the new isolates with the genus Granulicella (Pankratov & Dedysh, 2010) . rpoB sequence similarity clearly separated each of the isolates from previously described members of the genus Granulicella. A number of phenotypic features distinguished the isolates from each other as well as from the other members of the genus Granulicella (Table 1) . These included the absence of pink pigment in strains MP5ACTX8 T and S6CTX5A T , inability to hydrolyse lichenan (strains MP5ACTX2
T and MP5-ACTX9 T and  MP5ACTX9 T ), the ability to hydrolyse pullulan (MP5-ACTX9 T ) and the ability to reduce nitrate to nitrite (MP5ACTX8 T ). The cellular fatty acid compositions of the isolates and the reference strains were indistinguishable apart from the relatively higher amount of iso-C 13 : 0 in strain MP5ACTX8
T and G. paludicola DSM 22464 T . The 16S rRNA gene sequence appears to have limited resolution in distinguishing members of the genus Granulicella, as strain S6CTX5A
T and the type strain of G. pectinivorans exhibited .99 % 16S rRNA gene sequence similarity but only 30 % DNA-DNA relatedness and ,92 % rpoB sequence similarity. We propose rpoB sequence analysis as an alternative and more sensitive method for delineating species within subdivision 1 of the phylum Acidobacteria.
On the basis of phenotypic, chemotaxonomic and phylogenetic analysis, strains MP5ACTX2 T , MP5ACTX8 T , MP5ACTX9
T and S6CTX5A T are each assigned to a novel Four novel Granulicella species 
a-Fucosidase
*Data for G. paludicola, G. pectinivorans and G. rosea are from Pankratov & Dedysh (2010) .
species, for which the names Granulicella arctica sp. nov., Granulicella mallensis sp. nov., Granulicella tundricola sp. nov. and Granulicella sapmiensis sp. nov. are proposed.
Emended description of the genus Granulicella Pankratov & Dedysh 2010
The description of the genus Granulicella is as given by Pankratov & Dedysh (2010) with the following modification. The colony colour varies from white to red.
Description of Granulicella arctica sp. nov.
Granulicella arctica (arc9ti.ca. N.L. fem. adj. arctica northern, arctic, referring to the arctic ecosystem where the type strain was isolated).
Cells are Gram-negative, non-motile, aerobic rods, approximately 0.5 mm wide and 0.8-1.4 mm long. Colonies on R2A agar are pink, circular, convex and smooth. Growth occurs at 4-28 u C (optimum 21-24 u C) and at pH 3.5-6.5 (optimum pH 5). No growth with .1 % NaCl (w/v). Catalase-positive and oxidase-negative. Hydrolyses starch, pectin, laminarin, aesculin and xylan, but not gelatin, cellulose, lichenan, sodium alginate, pullulan, chitosan or chitin. In VL55 mineral medium with 100 mg yeast extract The type strain, MP5ACTX2 T (5ATCC BAA-1858 T 5DSM 23128 T ), was isolated from tundra soil in Kilpisjärvi, Finland. The DNA G+C content of the type strain is 57.5 mol%.
Description of Granulicella mallensis sp. nov.
Granulicella mallensis (mal.len9sis. N.L. fem. adj. mallensis of or pertaining to Malla Nature Reserve, Finland).
Cells are Gram-negative, non-motile, aerobic rods, approximately 0.5-0.7 mm wide and 0.6-1.3 mm long. Colonies on R2A agar are white or light beige, circular and smooth. Growth occurs at 4-28 u C (optimum 24-27 u C) and at pH 3.5-6.5 (optimum pH 5). No growth with .1.5 % NaCl (w/v). Catalase-positive and oxidase-negative. Hydrolyses aesculin, starch, pectin, laminarin and lichenan, but not gelatin, cellulose, xylan, sodium alginate, pullulan, chitosan or chitin. In VL55 mineral medium with 100 mg yeast extract l aspartate, dulcitol, butyrate, caproate, valerate, lactate, oxalate, propionate, fumarate, adonitol, methanol, ethanol, succinate, D-sorbitol or myo-inositol. Positive for acid and alkaline phosphatases, leucine arylamidase, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-and b-galactosidases, a-and b-glucosidases, N-acetyl-b-glucosaminidase, b-glucuronidase, trypsin and valine arylamidase, but negative for a-fucosidase, a-mannosidase, esterase (C4 and C8), lipase (C14) and cystine arylamidase. Reduces nitrate to nitrite. Resistant to erythromycin, chloramphenicol, neomycin, rifampicin, streptomycin, gentamicin, polymyxin B and penicillin, Description of Granulicella tundricola sp. nov.
Granulicella tundricola [tun.dri.co9la. N.L. n. tundra tundra, a cold treeless region; L. masc. suffix -cola (from L. n. incola) dweller; N.L. n. tundricola tundra dweller].
Cells are Gram-negative, non-motile, aerobic rods, approximately 0.5 mm wide and 0.5-1.8 mm long. Colonies on R2A agar are pink, circular, convex and smooth. Growth occurs at 4-28 u C (optimum 21-24 u C) and at pH 3.5-6.5 (optimum pH 5). No growth with .1 % NaCl (w/v). Positive for acid phosphatase, esterase (C4 and C8), leucine arylamidase, valine arylamidase, a-chymotrypsin, trypsin, naphthol-AS-BI-phosphohydrolase, a-and b-galactosidases, a-and b-glucosidases, N-acetyl-b-glucosaminidase, b-glucuronidase, a-fucosidase and a-mannosidase and weakly positive for cystine arylamidase, but negative for alkaline phosphatase and lipase (C14). Resistant to ampicillin, erythromycin, chloramphenicol, neomycin, streptomycin, tetracycline, gentamicin, bacitracin, polymyxin B and penicillin, but susceptible to rifampicin, kanamycin, lincomycin and novobiocin. The major cellular fatty acids are iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 .
The type strain is MP5ACTX9
T (5ATCC BAA-1859 T 5DSM 23138 T ), isolated from tundra soil in Kilpisjärvi, Finland. The DNA G+C content of the type strain is 59.9 mol%.
Description of Granulicella sapmiensis sp. nov.
Granulicella sapmiensis [sap.mi.en9sis. N.L. fem. adj. sapmiensis of or pertaining to Sapmi Land, the area inhabited by the Sámi people (Sámi, Sápmi)].
Cells are Gram-negative, non-motile, aerobic rods, approximately 0.5-0.7 mm wide and 0.7-3.5 mm long. Colonies on R2A agar are white or light beige, circular and smooth. Growth occurs at 4-26 u C (optimum 21-24 u C) and at pH 3.5-7.0 (optimum pH 4-5). No growth with .1 % NaCl (w/v). Catalase-positive and oxidase-negative. Hydrolyses aesculin, pectin, laminarin, lichenan and xylan, but not gelatin, cellulose, starch, pullulan, sodium alginate, chitosan or chitin. In VL55 mineral medium with 100 mg yeast extract l 21 and 5-10 mM carbon source, utilizes Dglucose, maltose, cellobiose, D-fructose, D-galactose, lactose, lactulose, D-mannose, sucrose, trehalose, D-xylose, raffinose, D-ribose, glucuronate, glutamate, melezitose, myo-inositol, aspartate (weak reaction) and salicin, but does not utilize D-arabinose, D-lyxose, N-acetyl-D-glucosamine, gluconic acid, acetate, formate, pyruvate, malate, mannitol, D-or L-alanine, D-glycine, L-leucine, Lornithine, dulcitol, butyrate, caproate, valerate, lactate, oxalate, propionate, fumarate, adonitol, methanol, ethanol, succinate or D-sorbitol. Positive for acid and alkaline phosphatases, leucine arylamidase, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-and b-galactosidases, a-and b-glucosidases, N-acetyl-b-glucosaminidase, b-glucuronidase, a-fucosidase and a-mannosidase and weakly positive for esterase (C4 and C8), but negative for lipase (C14), trypsin, valine arylamidase and cystine arylamidase. Resistant to ampicillin, erythromycin, chloramphenicol, neomycin, streptomycin, kanamycin, tetracycline, gentamicin, polymyxin B and penicillin, but sensitive to rifampicin, lincomycin, novobiocin and bacitracin. The major cellular fatty acids are iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 .
The type strain is S6CTX5A T (5LMG 26174 T 5DSM 23136 T ), isolated from tundra soil in Kilpisjärvi, Finland. The G+C content of the DNA of the type strain is 56.0 mol%.
